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OPTICAL DISK RECORDING METHOD AND APPARATUS USING 
ALTERNATIVE STRATEGIES OF LASER BEAM CONTROL 

BACKGROUND OF THE INVENTION 

[ 0001 ] 

[TECHNICAL FIELD OF THE INVENTION] 

The present invention relates to a recording 
method for recording information and a recording apparatus 
that records information on recordable optical disks such 
as CD-R (CD recordable) disks by applying a recording laser 
beam modulated by recording signals to an information 
recording surface, thereby alternately forming pits (marks) 
and lands according to mark length recording scheme . The 
present invention enables recording with reduced crosstalk 
characteristics. The invention can improve the sound 
quality for music recording, for example. 

[ 0002 ] 

[PRIOR ART] 

Recordable optical disk standards include CD-WO 
(CD Write Once). The CD-WO standard provides write-once 
recording in the CD format using CD-R disks. The CD-WO 
standard employs recording pits of lengths ranging from 3T 
to 1 IT (IT = 1/4.3218 MHz = 231 ns). If we simply apply a 
laser beam having the pulse width equivalent to a pit 
length to be formed, the residual heat or the like causes 
an error in the length of an actually formed pit . A pit 
length error generates a jitter in the reproduction signal 
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to cause a read error. To solve this problem, the pulse 
width of the recording signal is corrected by using a 
correction rule based on (n+K)T for pit length nT to be 
generated, where T is a time duration equivalent to a unit 
of pit length, n is a natural number ranging from 3 to 11 
used as a multiplier to the pit length unit for generating 
the pit lengths, and K is a correction amount for the pulse 
width. This correction amount is constant independently of 
pit length n when optical disks of the same model are 
recorded at the same recording rate and at the same linear 
velocity. Further, the laser is driven for recording by 
setting the laser power to an optimal value corresponding 
to the recording signal provided with the corrected pulse 
width. Such correction or setting rule is referred to as 
the recording strategy. More specifically, the recording 
strategy provides correction or setting rules concerning 
pulse widths, rise and fall timings to start and stop 
irradiation, and recording powers for pulse waveforms of 
recording laser drive signals in order to generate optimal 
pit and land lengths. The recording strategy uses formula 
(n+K)T as a basic strategy concerning the timing axis of 
pulse waveforms such as pulse widths, and irradiation start 
and stop timings. Depending on needs, there is separately 
provided a fine adjustment amount to be added according to 
each combination of pit and land lengths. When the fine 
adjustment amount is added according to a combination of 
pit and land lengths, the recording strategy is defined as 




(n+K)T + ct(nT) - |3(nT) , where a(nT) is the fine adjustment 
amount with respect to pit length nT, and p(mT) is the fine 
adjustment amount with respect to land length mT (m = 3, 

4, .... 11). Concerning the recording power of the laser 

beam, the recording strategy defines an asymmetry value of 
the reproduction signal. The asymmetry value is a 
parameter value concerning the reproduction waveform 
asymmetry and indicates how much the eye center of an eye 
pattern deviates from an amplitude center on the eye 
pattern for RF reproduction signals. 

[0003] 

The recording strategy is defined for each model 
and recording rate of CD-R disks and is stored in a memory 
of the CD-R disk recording and reproducing apparatus (CD-R 
drive). When a CD-R disk is mounted on the drive, the 
drive determines a disk model according to the lead-in 
start time and the like in the ATIP signal recorded as 
wobbles in the lead-in area. The drive reads the 
corresponding recording strategy from the memory in 
accordance with a combination of the determined disk model 
and the recording rate specified by a user. The drive then 
uses the correction rule concerning the timing axis of the 
pulse waveform defined in the read recording strategy and 
performs a test record on the CD-R disk's test area by 
sequentially changing the recording power. After the test 
recording, the drive reproduces the recorded data from the 
test area to find an optimal recording power that can 
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provide the asymmetry value defined in the recording 
strategy. This test recording completes the preparation 
before actual recording. During the actual recording, the 
recording power is initialized to the determined optimal 
value in response to a user's operation. The actual 
recording is performed by correcting recording signals 
through the use of the correction rule defined in the read 
recording strategy concerning the timing axis of pulse 
waveforms. For example, the following patent document 1 
already discloses the technology concerning the recording 
strategy. 

[0004] 

Patent document 1 is Japanese Patent Unexamined 
Publication No. 1993-314480. 

[ 0005 ] 

The CD-R disks have been mainly used to record 
computer data. Recently, however, there is an increasing 
demand for recording music (audio data) on the CD-R disks. 
On the other hand, some audio amateurs criticize that the 
sound quality is degraded on a 80 -minute CD-R disk 
(hereafter referred to as an 80-minute disk) having the 
data capacity of 700 MB as far as the conventional 
recording strategy is used. 



SUMMARY OF THE INVENTION 

[0006] 

The present invention has been made in 
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consideration of the foregoing. It is therefore an object 
of the present invention to provide an optical disk 
recording method and apparatus capable of recording audio 
data with reduced crosstalk characteristics, thereby 
improving the sound quality of music recording, for example. 

[ 0007 ] 

An optical disk recording method according to the 
present invention is designed for recording information at 
a given recording rate by irradiating a laser beam 
modulated by a laser drive signal onto a surface of an 
optical disk moving at a given linear velocity relative to 
the laser beam, the information being recorded in the form 
of an alternate arrangement of pits and lands according to 
a mark length recording scheme. The inventive method 
comprises the steps of providing a plurality of strategies 
which are selectable according to a model of the optical 
disk, the recording rate and the linear velocity for 
adjusting a pulse width of the laser drive signal and a 
power of the laser beam to form the pit, providing a first 
strategy and a second strategy for the same model of the 
optical disk, the same recording rate and the same linear 
velocity, the first strategy being designed to shorten the 
pulse width of the laser drive signal as compared to the 
second strategy and to set the power of the laser beam to a 
level capable of obtaining an optimal asymmetry value of a 
signal reproduced from the optical disk, thereby decreasing 
jitters of the recorded information as compared to the 
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second strategy, the second strategy being designed to 
lengthen the pulse width of the laser drive signal as 
compared to the first strategy and to set the power of the 
laser beam to a level capable of obtaining an optimal 
asymmetry value of the reproduced signal, thereby 
decreasing crosstalk of the recorded information as 
compared to the first strategy, and using changeably both 
of the first strategy and the second strategy dependently 
on conditions of the recording of information. 

[ 0008 ] 

Another optical disk recording method according to 
the present invention is designed for recording information 
at a given recording rate by irradiating a laser beam 
modulated by a laser drive signal onto a surface of an 
optical disk moving at a given linear velocity relative to 
the laser beam, the information being recorded in the form 
of an alternate arrangement of pits and lands according to 
a mark length recording scheme. The inventive method 
comprises the steps of providing a plurality of strategies 
which are selectable according to a model of the optical 
disk, the recording rate and the linear velocity for 
adjusting a pulse width of the laser drive signal and a 
power of the laser beam to form the pit, providing a first 
strategy and a second strategy for the same model of the 
optical disk, the same recording rate and the same linear 
velocity, the first strategy being designed to shorten the 
pulse width of the laser drive signal and increase the 
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power of the laser beam as compared to the second strategy, 
the second strategy being designed to lengthen the pulse 
width of the laser drive signal and decrease the power of 
the laser beam as compared to the first strategy, and using 
changeably both of the first strategy and the second 
strategy dependently on conditions of the recording of 
information. 

[ 0009 ] 

Another optical disk recording method according to 
the present invention is designed for recording information 
at a given recording rate by irradiating a laser beam 
modulated by a laser drive signal onto a surface of an 
optical disk moving at a given linear velocity relative to 
the laser beam, the information being recorded in the form 
of an alternate arrangement of pits and lands according to 
a mark length recording scheme. The inventive method 
comprises the steps of providing a plurality of strategies 
which are selectable according to a model of the optical 
disk, the recording rate and the linear velocity for 
adjusting a pulse width of the laser drive signal to form 
the pit, specifying a target asymmetry value of a signal 
reproduced from the optical disk for each strategy, 
providing a first strategy and a second strategy for the 
same model of the optical disk, the same recording rate and 
the same linear velocity, the first strategy being designed 
to shorten the pulse width of the laser drive signal as 
compared to the second strategy, the second strategy being 
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designed to lengthen the pulse width of the laser drive 
signal as compared to the first strategy, using changeably 
both of the first strategy and the second strategy in 
actual recording of information, performing test -recording 
of information on a part of the optical disk before the 
actual recording while sequentially changing the power of 
the laser beam under the strategy to be used, reproducing a 
signal from the part of the optical disk to find and set an 
initial power of the laser beam capable of obtaining the 
target asymmetry value specified for the strategy to be 
used, and performing the actual recording with the set 
initial power. 

[ 0010 ] 

A further optical disk recording method according 
to the present invention is designed for recording 
information at a given recording rate by irradiating a 
laser beam modulated by a laser drive signal onto a surface 
of an optical disk of CD recordable type moving at a given 
linear velocity relative to the laser beam, the information 
being recorded in the form of an alternate arrangement of 
pits and lands according to a mark length recording scheme. 
The inventive method comprises the steps of providing a 
plurality of strategies which are selectable according to a 
model of the optical disk, the recording rate and the 
linear velocity for adjusting a pulse width of the laser 
drive signal and a power of the laser beam to form the pit , 
the strategies being represented by a formula ( n+K ) T 
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concerning the pulse width of the laser drive signal where 
T is a time equivalent to a pit length unit , n is a 
multiplier of a length of the pit to be formed relative to 
the pit length unit, and K is a correction amount for the 
pulse width, providing a first strategy and a second 
strategy for the same model of the optical disk, the same 
recording rate and the same linear velocity, the first 
strategy being designed to set the correction amount K of 
the formula (n+K)T to shorten the pulse width of the laser 
drive signal as compared to the second strategy and to set 
the power of the laser beam to a level capable of obtaining 
an optimal asymmetry value of a signal reproduced from the 
optical disk, thereby decreasing jitters of the recorded 
information as compared to the second strategy, the second 
strategy being designed to set the correction amount K of 
the formula (n+K)T to lengthen the pulse width of the laser 
drive signal relative to the first strategy and to set the 
power of the laser beam to a level capable of obtaining an 
optimal asymmetry value of the reproduced signal, thereby 
decreasing crosstalk of the recorded information as 
compared to the first strategy, and using changeably both 
of the first strategy and the second strategy dependently 
on conditions of the recording of inf ormation . 

[ 0011 ] 

A further optical disk recording method according 
to the present invention is designed for recording 
information at a given recording rate by irradiating a 
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laser beam modulated by a laser drive signal onto a surface 
of an optical disk of CD recordable type moving at a given 
linear velocity relative to the laser beam, the information 
being recorded in the form of an alternate arrangement of 
pits and lands according to a mark length recording scheme. 
The inventive method comprises the steps of providing a 
plurality of strategies which are selectable according to a 
model of the optical disk, the recording rate and the 
linear velocity for adjusting a pulse width of the laser 
drive signal and a power of the laser beam to form the pit , 
the strategies being represented by a formula (n+K)T 
concerning the pulse width of the laser drive signal where 
T is a time equivalent to a unit pit length, n is a 
multiplier to the pit length unit generating a length of 
the pit to be formed, and K is a correction amount for the 
pulse width, providing a first strategy and a second 
strategy for the same model of the optical disk, the same 
recording rate and the same linear velocity, the first 
strategy being designed to set the correction amount K of 
the formula (n+K)T to shorten the pulse width of the laser 
drive signal and increase the power of the laser beam as 
compared to the second strategy, the second strategy being 
designed to set the correction amount K of the formula 
(n+K)T to lengthen the pulse width of the laser drive 
signal and decrease the power of the laser beam as compared 
to the first strategy, and using changeably both of the 
first strategy and the second strategy dependently on 
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conditions of the recording of information. 

[ 0012 ] 

A further optical disk recording method according 
to the present invention is designed for recording 
information at a given recording rate by irradiating a 
laser beam modulated by a laser drive signal onto a surface 
of an optical disk of CD recordable type moving at a given 
linear velocity relative to the laser beam, the information 
being recorded in the form of an alternate arrangement of 
pits and lands according to a mark length recording scheme. 
The inventive method comprises the steps of providing a 
plurality of strategies which are selectable according to a 
model of the optical disk, the recording rate and the 
linear velocity for adjusting a pulse width of the laser 
drive signal to form the pit, the strategies being 
represented by a formula ( n+K) T where T is a time 
equivalent to a unit pit length, n is a multiplier of a 
length of the pit to be formed relative to the unit pit 
length, and K is a correction amount for the pulse width, 
specifying a target asymmetry value of a signal reproduced 
from the optical disk for each strategy, providing a first 
strategy and a second strategy for the same model of the 
optical disk, the same recording rate and the same linear 
velocity, the first strategy setting the correction amount 
K of the formula ( n+K ) T to shorten the pulse width of the 
laser drive signal as compared to the second strategy, the 
second strategy setting the correction amount K of the 
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formula (n+K)T to lengthen the pulse width of the laser 
drive signal as compared to the first strategy, using 
changeably both of the first strategy and the second 
strategy in actual recording of information, performing 
test-recording of information on a part of the optical disk 
before the actual recording while sequentially changing the 
power of the laser beam under the strategy to be used, 
reproducing a signal from the part of the optical disk to 
find and set an initial power of the laser beam capable of 
obtaining the target asymmetry value specified for the 
strategy to be used, and performing the actual recording 
with the set initial power. 

[ 0013 ] 

In expedient forms of the optical disk recording 
method according to the present invention, the step of 
providing provides both versions of the first strategy and 
the second strategy for an optical disk having a recording 
capacity measured in terms of a total recording time which 
is longer than a predetermined recording time, and 
providing only one version of the strategy equivalent to 
the first strategy for another optical disk having a 
recording capacity measured in terms of a total recording 
time which is not longer than the predetermined recording 
time . 

Alternately, the step of providing provides both 
versions of the first strategy and the second strategy for 
a recording rate smaller than a specified value, and 
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providing only one version of the strategy equivalent to 
the first strategy for another recording rate greater than 
the specified value. 

Preferably, the step of using changes the first 
strategy and the second strategy in accordance with a 
changeover operation of recording modes by a user, the 
recording modes representing the conditions of the 
recording of information. In such a case, the recording 
modes include a normal recording mode directing a reduction 
of jitters of the information recorded on the optical disk 
and an alternative recording mode directing a reduction of 
crosstalk of the information recorded on the optical disk, 
and the step of using uses the first strategy for the 
normal recording mode and uses the second strategy for the 
alternative recording mode. Otherwise, the recording modes 
include a normal recording mode directed to recording of 
information representing computer data and an alternative 
recording mode directed to recording of information 
representing audio data, and the step of using uses the 
first strategy for the normal recording mode and uses the 
second strategy for the alternative recording mode. 

Expediently, the inventive optical disk recording 
method further comprises the step of determining whether 
contents of information to be recorded are computer data or 
audio data, so that the step of using automatically uses 
the first strategy when the contents of the information is 
determined as the computer data, and uses the second 
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strategy when the contents of the information is determined 
as the audio data. 

[ 0014 ] 

An optical disk recording apparatus according to 
the present invention is designed for recording information 
at a given recording rate by irradiating a laser beam 
modulated by a laser drive signal onto a surface of an 
optical disk moving at a given linear velocity relative to 
the laser beam, the information being recorded in the form 
of an alternate arrangement of pits and lands according to 
a mark length recording scheme. The inventive apparatus 
comprises a strategy storage section that stores a 
plurality of strategies which are selectable according to a 
model of the optical disk and the recording rate for 
adjusting a pulse width of the laser drive signal and a 
power of the laser beam to form the pit, the strategies 
being provided in a first strategy version and a second 
strategy version for the same model of the optical disk and 
the same recording rate at the same linear velocity, the 
first strategy version being designed to shorten the pulse 
width of the laser drive signal as compared to the second 
strategy version and to set the power of the laser beam to 
a level capable of obtaining an optimal asymmetry value of 
a signal reproduced from the optical disk, thereby 
decreasing jitters of the recorded information as compared 
to the second strategy version, the second strategy version 
being designed to lengthen the pulse width of the laser 
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drive signal as compared to the first strategy version and 
to set the power of the laser beam to a level capable of 
obtaining an optimal asymmetry value of the reproduced 
signal, thereby decreasing crosstalk of the recorded 
information as compared to the first strategy version, a 
disk model identification information detector section that 
detects disk model identification information for 
identifying the model of the optical disk to be recorded 
with the information, a recording rate setting section that 
sets the recording rate, a recording mode setting section 
that specifies one of the first strategy version and the 
second strategy version to be used for recording of 
information, a strategy selector section that selects a 
corresponding strategy from the strategy storage section 
according to the disk model identification information 
detected by the disk model identification information 
detector section and the recording rate specified by the 
recording rate setting section, a laser drive signal 
correction section that corrects the pulse width of the 
laser drive signal, a laser generator section having an 
optical head for generating the laser beam in response to 
the laser drive signal with the power capable of obtaining 
the optimal asymmetry value of the reproduced signal, and a 
control section that controls the laser drive signal 
correction section in accordance with the specified one of 
the first or second strategy version of the corresponding 
strategy selected by the strategy selector section to 



15 




correct the pulse width of the laser drive signal and that 
controls the laser generator section to set the power of 
the laser beam to the level capable of obtaining the 
optimal asymmetry of the reproduced signal in accordance 
with the specified one of the first or second strategy 
version of the corresponding strategy. 

[ 0015 ] 

Another optical disk recording apparatus according 
to the present invention is designed for recording 
information at a given recording rate by irradiating a 
laser beam modulated by a laser drive signal onto a surface 
of an optical disk moving at a given linear velocity 
relative to the laser beam, the information being recorded 
in the form of an alternate arrangement of pits and lands 
according to a mark length recording scheme. The inventive 
apparatus comprises a strategy storage section that stores 
a plurality of strategies which are selectable according to 
a model of the optical disk and the recording rate for 
adjusting a pulse width of the laser drive signal and a 
power of the laser beam to form the pit, the strategies 
being provided in a first strategy version and a second 
strategy version for the same model of the optical disk and 
the same recording rate at the same linear velocity, the 
first strategy version being designed to shorten the pulse 
width of the laser drive signal as compared to the second 
strategy version, the second strategy version being 
designed to lengthen the pulse width of the laser drive 
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signal as compared to the first strategy version, a disk 
model identification information detector section that 
detects disk model identification information for 
identifying the model of the optical disk to be recorded 
with the information, a recording rate setting section that 
sets the recording rate, a recording mode setting section 
that specifies one of the first strategy version and the 
second strategy version to be used for recording of the 
information, a strategy selector section that selects a 
strategy from the strategy storage section according to the 
disk model identification information detected by the disk 
model identification information detector section and. the 
recording rate specified by the recording rate setting 
section, a laser drive signal correction section that 
corrects the pulse width of the laser drive signal, a laser 
generator section having an optical head for generating the 
laser beam having a power modulated in response to the 
laser drive signal, an asymmetry value detector section 
that detects an asymmetry value of a signal reproduced from 
the optical disk, a control section that performs test- 
recording of information on a part of the optical disk 
before actual recording while sequentially changing the 
power of the laser beam under the selected strategy and 
determines an initial power of the laser beam capable of 
obtaining a target asymmetry value specified for the 
selected strategy according to the detected asymmetry value 
of the signal reproduced from the part of the optical disk. 
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and further the control section controls the laser drive 
signal correction section in accordance with the specified 
one of the first or second strategy version of the selected 
strategy to correct the pulse width of the laser drive 
signal and controls the laser generator section to set the 
initial power of the laser beam capable of obtaining the 
optimal asymmetry of the reproduced signal in the actual 
recording of the information. 

[ 0016 ] 

In an expedient form of the optical disk recording 
apparatus according to the present invention, the recording 
mode setting section specifies one of the first strategy 
version and the second strategy version in accordance with 
a changeover operation of recording modes by a user, the 
recording modes representing conditions of the recording of 
information. 

In another expedient form, the inventive optical 
disk recording apparatus further comprises a data type 
determination section that determines whether a data type 
of the information to be recorded is computer data or audio 
data, so that the recording mode setting section 
automatically specifies the first strategy version for the 
computer data and the second strategy version for the audio 
data based on the determined data type. 



BRIEF DESCRIPTION OF THE INVENTION 
FIG. 1 shows an embodiment of the present 
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invention and provides a block diagram for recording under 
control of a system controller in FIG. 7. 

FIG. 2 shows differences between laser drive 
signal waveforms and generated pit shapes when the same 
recording signal is recorded on the same CD-R disk at the 
same recording rate and the same linear velocity by 
changing value K in basic strategy (n+K)T. 

FIG. 3 is a characteristics diagram showing 
changes of pit jitters against changes of asymmetry values 
when the same recording signal is recorded on the same CD-R 
disk at the same recording rate and the same linear 
velocity by changing value K in basic strategy (n+K)T. 

FIG. 4 is a characteristics diagram showing 
changes of land jitters against changes of asymmetry values 
when the same recording signal is recorded on the same CD-R 
disk at the same recording rate and the same linear 
velocity by changing value K in basic strategy (n+K)T. 

FIG. 5 is a characteristics diagram showing 
changes of Cl errors against changes of asymmetry values 
when the same recording signal is recorded on the same CD-R 
disk at the same recording rate and the same linear 
velocity by changing value K in basic strategy ( n+K ) T . 

FIG. 6 is a characteristics diagram showing 
changes of crosstalk values against changes of asymmetry 
values when the same recording signal is recorded on the 
same CD-R disk at the same recording rate and the same 
linear velocity by changing value K in basic strategy 



19 




( n+K) T . 



FIG. 7 is a block diagram showing a system 
configuration of an optical disk recording and reproducing 
apparatus (CD-R disk recording and reproducing apparatus) 
according to the present invention. 

FIG. 8 shows the range of correction amount K to 
improve Cl error characteristics and jitter characteristics 
of reproduction signals for recording on optical disks of 
the same model number by changing recording rates and 
keeping an optimal recording power, where the range is 
shown separately in normal recording (jitter-conscious 
recording or computer data recording) mode according to a 
conventional recording strategy and in crosstalk-reduction 
(music recording) mode specific to the present invention. 

FIG. 9 is a flowchart showing an example of 
recording strategy setting control according to the control 
block configuration in FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] 

First, the basic concept of the invention is 
described in taking 80 -minute recording CD-R disk and 74- 
minute recording CD-R disk as an example. The 80 -minute 
disk having the data capacity of 700 MB is examined and 
proves rather degraded sound quality because its track 
pitch is 1.5 pm and that is narrower than 1.6 pm for that 
of a 74 -minute recording CD-R disk (hereafter referred to 
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as a 74-minute disk) having the data capacity of 650 MB. 

The narrow track pitch is considered to increase a 
crosstalk from an adjacent track during reproduction. That 
is to say, a large crosstalk from the adjacent track 
increases a servo load and degrades the sound quality due 
to power variations . 

[0018] 

With reference to FIG. 2, the following describes 
crosstalks and jitters in reproduction signals when the 
same recording signal is recorded on the same CD-R disk at 
the same recording rate and the same linear velocity by 
changing value K in the basic strategy ( n+K ) T . FIG. 2(a) 
shows a recording signal before correction. FIGS. 2(b) and 
2(c) show laser drive signals with the recording power 
specified so as to correct the pulse width of the recording 
signal using the recording strategy (n+K)T and to obtain a 
specified asymmetry value from the recording by using the 
corrected pulse width. FIG. 2(b) sets value K to a small 
value K1 (with the negative sign and a large absolute 
value) to shorten the pulse width. In this case, the 
recording power is set to a large value PI so as to form a 
specified pit length by promoting the pit formation due to 
the residual heat. FIG. 2(c) sets value K to a high value 
K2 (with the negative sign and a small absolute value) to 
lengthen the pulse width. In this case, the recording 
power is set to a small value P2 so as to form a specified 
pit length by suppressing the pit formation due to the 
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residual heat. The signals (b) and (c) are recorded so as 
to produce the same pit signal length. Since the signal 
(b) uses a higher recording power, the residual heat 
promotes the bit formation widthwise. Pit width W1 for the 
signal (b) is larger than pit width W2 for the signal (c). 
Therefore, the recording using the signal (b) decreases a 
pit interval between adjacent tracks. During reproduction, 
a reproducing beam spot is easily applied to the adjacent 
pit to cause an increased crosstalk. By contrast, the high 
recording power enables excellent pit formation and 
decreases a jitter. The recording using the signal (c) 
increases a pit interval between adjacent tracks because 
the pit width W2 is small. During reproduction, a 
reproducing beam spot is hardly applied to the adjacent pit 
to cause a decreased crosstalk. By contrast, the low 
recording power results in degraded pit formation and 
increases a jitter. 

[0019] 

FIGS. 3 through 6 show characteristics of 
reproduction signals after 4x recording on a cyanine CD-R 
disk manufactured by a certain company by setting the 
correction value K1 for FIG. 2(b) to -0.5 and the 
correction value K2 for FIG. 2(c) to -0.2. Here, the 
asymmetry value varies with the recording power. FIG. 3 
shows changes of pit jitters in accordance with changes of 
asymmetry values. FIG. 4 shows changes of land jitters in 
accordance with changes of asymmetry values. FIG. 5 shows 
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changes of Cl errors in accordance with changes of 
asymmetry values. FIG. 6 shows changes of crosstalk values 
in accordance with changes of asymmetry values . According 
to FIGS. 3 and 4, it is understood that recording using the 
short pulse in FIG. 2(b) causes smaller jitters on the 
whole than recording using the long pulse in FIG. 9(c). 
According to FIG. 5, it is understood that recording using 
the short pulse in FIG. 2(b) causes a fewer error 
occurrences in a wide range of asymmetry values than 
recording using the long pulse in FIG. 9(c). Consequently, 
rather than recording using the long pulse in FIG. 2(c), 
recording using the short pulse in FIG. 2(b) provides a 
wide power margin , i . e . , a laser power range that keeps 
jitters and Cl errors below the respective specified 
criteria. By contrast, as shown in FIG. 6, it is 
understood that recording using the long pulse in FIG. 2(c) 
causes lower crosstalks (improved approximately 5%) on the 
whole than recording using the short pulse in FIG. 2(b). 
According to the above-mentioned observations, decreasing a 
jitter (to decrease Cl errors and widen the power margin) 
increases a crosstalk. Decreasing a crosstalk increases a 
jitter (to increase Cl errors and narrow the power margin). 
Consequently, it is difficult to set value K so as to 
assign optimal values to both the jitter (Cl error and 
power margin) and the crosstalk. 

[ 0020 ] 

As a solution to this problem, there is provided a 
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plurality of recording strategies having different values K 
for recording on optical disks with the same model number 
at the same recording rate and the same linear velocity. 

For music recording and the like where an importance is 
given to crosstalk reduction, for example, the pulse width 
is increased and the recording power is decreased to 
prevent the pit width from increasing and to decrease 
crosstalks. Increasing the pulse width slightly increases 
jitters and possibilities of read error occurrences during 
reproduction. In the music recording, however, the 
occasional occurrence of random errors does not cause too 
large a noise. Further, since there is the correlation 
between preceding and succeeding data, it is easy to 
interpolate lost data. Rather, decreasing constantly 
occurring crosstalks gives precedence to the effect of 
improving the sound quality. 

[ 0021 ] 

On the contrary, recording computer data uses a 
shorter pulse width and a higher recording power to form 
sharp pits. This decreases jitters during reproduction and 
minimizes read error occurrences. Increasing the recording 
power slightly increases crosstalks. However, this causes 
no problem because computer data is independent of the 
sound quality. Since just a single error may cause a fatal 
error, the effect of minimizing read error occurrences is 
significant . 
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[ 0022 ] 



Based on the above-mentioned concept, the present 
invention attaches importance to crosstalks for music 
recording and to jitters for computer data recording. To 
be capable of such recording, the present invention 
provides a plurality of types of recording strategies and 
allows them to be selectively used for recording on optical 
disks with the same model number at the same recording rate 
and the same linear velocity. 

[0023] 

Now, embodiments of the present invention will be 
described in detail. FIG. 7 shows a system configuration 
of an optical disk recording and reproducing apparatus (CD- 
R disk recording and reproducing apparatus) according to 
the present invention. An optical disk recording apparatus 
1 can be configured to be a standalone CD-R recording and 
reproducing apparatus, a combination of a CD-R drive and a 
personal computer, and the like. An input device 28 is 
used by a user to enter a recording rate. The input device 
28 is also used by a user to change recording modes. 
Generally, the recording mode changeover operation 
signifies an instruction to change between normal recording 
in preference to decrease of jitters and recording in 
preference to decrease of crosstalks. Specifically, the 
recording mode changeover operation signifies an 
instruction to change between normal recording of computer 
data and recording of music data. 
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[ 0024 ] 



According to an instruction from a system 
controller 19, a disk servo circuit 16 controls revolutions 
of a spindle motor 12 at a constant linear velocity 
according to a specified recording rate. The linear 
velocity is set to a value from 1.2 through 1.4 m/s for lx 
speed recording, to a value twice as large as lx speed 
recording, to a value quadruple as large as lx speed 
recording, and so on according to the recording rate. The 
CD-WO standard specifies the constant linear velocity 
control so that a pre-groove wobble becomes 22.05 kHz. The 
wobble can be detected from an output signal of an optical 
head 13, i.e., from the remainder of a tracking error 
signal. The spindle motor 12 is PLL-controlled so that the 
wobble can be detected at the specified frequency such as 
22.05 kHz for lx speed, 44.1 kHz for 2x speed, 88.2 kHz for 
4x speed, and so on. 

[0025] 

According to an instruction from the system 
controller 19, a focus and tracking servo circuit 18 
controls a focus and tracking of a laser beam 11 irradiated 
from a semiconductor laser in the optical head 13. The 
tracking control is performed by detecting the pre-groove 
formed on an optical disk 10. According to an instruction 
from the system controller 19, a feed servo circuit 17 
drives a feed motor 20 to move the optical head 13 along 
the radial direction of the optical disk 10. 
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[ 0026 ] 



Digital or analog input signals are recorded on an 
optical disk (CD-R disk) 10 at a speed corresponding to the 
recording rate. A digital signal is directly input to a 
recording signal generation circuit 22. An analog signal 
is input to the recording signal generation circuit 22 via 
an A/D converter 24. The recording signal generation 
circuit 22 interleaves input data and supplies an error 
check code. The recording signal generation circuit 22 
also supplies TOC, TOC information generated from a subcode 
generation circuit 23, and subcode information. The 
recording signal generation circuit 22 then performs EFM 
modulation, generates serial data in a CD standard format 
at a transfer rate corresponding to the recording rate, and 
outputs this data as a recording signal . 

[0027] 

This recording signal is input to a recording 
signal correction section (recording signal correction 
circuit) 26 via a drive interface 15. The recording signal 
correction section 26 uses the preset recording strategy 
concerning timing axes (pulse widths and start /stop 
timings) of recording signal pulses to correct the timing 
axis of the recording signal. The recording strategy is 
predefined in accordance with a combination of the model 
number (indicating which disk manufacturer made the CD-R 
disk) of the optical disk 10 to be used, the recording rate, 
and the recording mode. The recording signal is then input 
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to a laser generator section (laser generation circuit) 25. 
The laser generator section 25 drives the semiconductor 
laser in the optical head 13 in accordance with the 
recording signal and applies the laser beam 11 to a 
recording surface of the optical disk 10 to form pits for 
recording. Concerning the laser power (recording power) 
during recording, the asymmetry value for optimum recording 
is predefined as an asymmetry target value in accordance 
with a combination of the model number, the recording rate, 
and the recording mode of the optical disk 10 to be used. 
The test recording prior to actual recording is performed 
to find the power that can achieve the asymmetry target 
value. This power is specified as an initial value. An 
ALPC (Automatic Laser Power Control) circuit provides high- 
precision control based on the specified power. In this 
manner, data is recorded on the optical disk 10 according 
to the CD-WO standard format, the transfer speed, and the 
linear velocity (1.2 to 1.4 m/s). Upon completion of 
recording, data is reproduced by applying a reproduction 
laser beam (having a power smaller than that for recording) 
to the optical disk 10. A signal reproduction circuit 30 
demodulates read data. The read data is supplied to the 
D/A converter 31 and is converted into an analog signal for 
output, or directly outputted as a digital signal. 

[0028] 

FIG. 1 shows a control block for recording control 
by the system controller 19 in FIG. 7. A recording rate 
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setting section 27 corresponds to the input device 28 in 
FIG. 7 and specifies a recording rate (xl, x2 , x4 , and so 
on) according to user’s operations. A recording mode 
setting section 29 corresponds to the input device 28 in 
FIG. 7 and performs the above-mentioned recording mode 
changeover operation according to user's operations. A 
disk model number identification information detector 
section 32 detects information for identifying a model 
number of the optical disk 10 mounted on the optical disk 
apparatus 1. As the disk model number identification 
information, it is possible to use an ATIP signal recorded 
on the wobble in the lead-in area of the optical disk 10. 

A CD-R disk is assigned values available as the lead-in 
start time STLI (start time of lead-in), i.e., ten frame 
values for each manufacturer within a specified time. The 
manufacturer allocates the assigned 10-frame numeric values 
to disk model numbers. As the least significant digit, 
numeric values 0 through 4 are allocated to cyanine disks . 
Numeric values 5 through 9 are allocated to phthalocyanine 
disks. The numeric value is recorded as an ATIP signal on 
the lead-in area. When the optical disk 10 is loaded into 
the apparatus, the lead-in start time STLI is referenced as 
the disk model number identification information. This 
makes it possible to determine which disk manufacturer 
fabricated the disk corresponding to that model number. 

[0029 ] 

A recording strategy storage section 34 stores the 
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asymmetry target value as the recording strategy for 
implementing optimum recording according to a combination 
of the disk model number, the recording rate, and the 
recording mode . The asymmetry target value provides 
parameters for the timing axis (pulse widths, irradiation 
start/stop timing) of laser drive signal waveforms and 
parameters for the laser power. A parameter for the timing 
axis of laser drive signal waveforms comprises the basic 
strategy ( n+K ) T and the fine adjustment amount supplied for 
each combination of the pit length and the land length as 
needed. 

[0030] 

The following describes value K of the basic 
strategy ( n+K ) T stored in the recording strategy storage 
section 34. FIG. 8 shows the range of correction amount K 
to improve Cl error characteristics and jitter 
characteristics of reproduction signals for recording on 
optical disks of the same model number by changing 
recording rates and keeping an optimal recording power. 

FIG. 8 shows the range separately in normal recording 
(jitter-conscious recording or computer data recording) 
mode according to a conventional recording strategy and in 
crosstalk-reduction (music recording) mode specific to the 
present invention. As shown in FIG. 8, as the recording 
rate decreases the value K decreases, and as the recording 
rate increases the value K also increases for the following 
reason. Decreasing the recording rate automatically 
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decreases the recording power. This causes less sharp pits 
to be formed, and increase of jitters. The value K is set 
to a small value (lowered to the negative direction) to 
shorten the pulse width. This suppresses a decrease in the 
recording power to prevent jitters from increasing. On the 
other hand, increasing the recording rate automatically 
increases the recording power. The crosstalk increases 
accordingly. The value K is set to a large value (raised 
to the positive direction) to lengthen the pulse width. 

This suppresses a increase in the recording power to 
prevent the crosstalk from increasing. In the normal 
recording mode, the value K is set lower than that in the 
crosstalk-reduction recording mode, i.e., a value lowered 
to the negative direction. As shown in FIG. 2(b), the 
pulse width is decreased, and the recording power is 
increased. In the crosstalk-reduction recording mode, 
however, the value K is set higher than that in the normal 
recording mode, i.e., a value raised to the positive 
direction. As shown in FIG. 2(c), the pulse width is 
increased, and the recording power is decreased. For 
example, the 4x speed recording can set value K (Kl) to - 
0.5 in the normal recording mode and value K (K2) to -0.2 
in the crosstalk-reduction recording mode, i.e., Kl < K2 . 

[0031] 

The K value for the normal recording mode enables 
recording at a sufficiently high recording rate. If the K 
value for the crosstalk-reduction recording mode uses too 
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high a recording rate, however, the recording quality 
degrades- It is desirable to specify the upper bound for 
recording rates selectable in the crosstalk-reduction 
recording mode smaller than that for recording rates 
selectable in the normal recording mode. For this reason, 
the recording strategy storage section 34 stores the 
recording strategy up to high recording rates (e.g., xl to 
x32 speeds) for the normal recording mode. The recording 
strategy storage section 34 stores the recording strategy 
up to lower recording rates (e.g., xl to x8 speeds) than 
them. When a specified recording rate (e.g., xl6 speed or 
more) is higher than a given recording rate (e.g., x8 
speed) , it is possible to automatically settle the normal 
recording mode. The music recording is subject to 
crosstalk especially on large-capacity disks. Accordingly, 
it is possible to provide only optical disks having a given 
data capacity or more (e.g., 80-minute CD-R disks having 
the 700 MB data capacity) with two recording strategies for 
the normal recording mode and the crosstalk-reduction 
recording mode . Only the recording strategy for the normal 
recording mode can be provided to optical disks having data 
capacities less than the given value such as 74 -minute CD-R 
disks having the 650 MB data capacity and CD-R disks having 
the 550 MB data capacity for 63 -minute recording (hereafter 
referred to as 63-minute disks). 

[0032] 

The recording strategy selector section 36 reads 
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the corresponding recording strategy from the recording 
strategy storage section 34 in accordance with the disk 
model number identification information detected by the 
disk model number identification information detector 
section 32, the recording rate configured by the recording 
rate setting section 27, and the recording mode specified 
by the recording rate setting section 27. The asymmetry 
value detector section 35 detects an asymmetry value from 
the reproduction signal of the optical disk 10. The 
asymmetry value is found by (a+b)/(a-b), where a is a peak 
level (positive value) of the reproduction EFM signal 
waveform, and b is a bottom level (negative value) thereof. 

[0033] 

Prior to actual recording, the control section 38 
performs OPC (Optimum Power Control) to determine a 
recording power's initial value for the actual recording. 
The OPC is performed as follows. The read recording 
strategy is used to correct the timing axis of test 
recording pulses. At the same time, the recording power is 
sequentially changed to test-record information on the 
optical disk 10. The recorded information is reproduced to 
find a recording power value based on the asymmetry value 
detected by the asymmetry value detector section 35 so that 
the asymmetry target value defined by the recording 
strategy can be obtained. After the OPC determines the 
recording power's initial value, the control section 38 
receives a user's instruction for actual recording and sets 
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the recording power value to the determined initial value. 
The control section 38 corrects the timing axis of an input 
recording signal according to the previously read recording 
strategy to actually record information on the optical disk 
10. After the recording starts, the ROPC (Running Optimum 
Power Control) is performed as needed to provide realtime 
control of the recording power. Further, the control 
section 38 controls the disk servo circuit 16 to control 
revolutions of the spindle motor 12 at a speed equivalent 
to the instructed recording rate. 

[0034] 

FIG. 9 shows an example of the recording strategy 
setting control according to the control block 
configuration in FIG. 1. When the optical disk 10 is 
inserted (SI), the process obtains information such as a 
lead-in start time STLI and a maximum available lead-out 
start time LLO (last possible time of lead-out) from the 
ATIP signal recorded on the wobble in the lead-in area (S2). 
The recording strategy selector section 36 uses the 
obtained lead-in start time STLI as identification 
information about disk types to determine whether or not 
the recording strategy storage section 34 contains a 
corresponding code (S3). When the corresponding code is 
available, the recording strategy selector section 36 reads 
a recording strategy from the recording strategy storage 
section 34 and provides the recording strategy to the 
control section 38 (S4). The recording strategy is defined 
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in accordance with a disk model number, and user-specified 
recording rate and recording mode (for the disk model 
number and the recording rate capable of selecting 
recording modes) corresponding to that code. The selected 
recording strategy is used to correct the timing axis of a 
test recording signal. At the same time, the OPC is 
performed to find an optimal recording power and specify it 
as an initial value (S5). Actual recording starts in 
response to a user's operation to start the actual 
recording. When the recording strategy storage section 34 
does not contain a corresponding code, it is determined 
whether the least significant digit of the obtained lead-in 
start time STLI corresponds to any of 0 through 4 or any of 
5 through 9 (S6). When the determination result indicates 
any of 0 through 4, the recording strategy selector section 
36 reads a default strategy for cyanine disks, i.e., a 
standard recording strategy for cyanine disks from the 
recording strategy storage section 34 and allocates the 
default strategy to the control section 38 (S7). When the 
determination result indicates any of 5 through 9 , the 
recording strategy selector section 36 reads a default 
strategy for phthalocyanine disks, i.e., a standard 
recording strategy for phthalocyanine disks from the 
recording strategy storage section 34 and allocates the 
default strategy to the control section 38 (S8). The 
actual recording starts in response to a user's operation 
to start the actual recording. 
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[ 0035 ] 



According to the above-mentioned embodiment, a 
user is responsible for selecting the recording modes . In 
addition, it is also possible to automatically change the 
recording modes by determining data types. In such case, 
for example, a data type determination section 40 is 
provided as indicated by a dash-double-dot line in FIG. 1 
to determine audio data or computer data according to file 
formats and the like of the recorded data. When audio data 
is determined, the recording mode setting section 29 
records the data based on this determination by 
automatically specifying a recording strategy for the 
corresponding crosstalk-reduction recording mode, if any, 
stored in the recording strategy storage section 34; 
otherwise specifying a recording strategy for the normal 
recording mode. When a manual/automatic selection 
capability is needed, there is additionally provided a 
manual/automatic selection changeover section. In this 
case, when the manual selection is used, the recording mode 
setting section 29 selects a recording strategy 
corresponding to a user's instruction. When the automatic 
selection is used, the recording mode setting section 29 
selects a recording strategy corresponding to the 
determination by the data type determination section 40. 

[0036] 

According to the above-mentioned embodiment, the 
recording rate setting section 27 specifies recording rate 
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based on a user's operation. Further, it is possible to 
automatically specify a predetermined recording rate based 
on disk model numbers and the like. According to the 
above-mentioned embodiment, the disk model number 
identification information detector section 32 identifies a 
disk model number by detecting the lead-in start time STLI 
recorded as an ATIP signal in the wobble of the lead-in 
area on the optical disk 10. However, there may be CD-R 
disks having the same lead-in start time STLI recorded and 
different data capacities. In such case, disk model 
numbers can be identified by additionally using a maximum 
available lead-out start time LLO (last possible time of 
lead-out) recorded as an ATIP signal in the wobble of the 
lead-in area. When a criteria for the maximum available 
lead-out start time LLO is defined to be 79 minutes, for 
example, it is possible to identify 80- , 74-, and 63-minute 
disks. The disk model numbers can be also identified by 
measuring a track pitch. When a criteria for the track 
pitch is defined to be 1.55 \un r for example, it is possible 
to identify 80- , 74-, and 63-minute disks. For example, a 

track pitch can be found from a feed amount of the optical 
head against disk revolutions. Alternatively, a user can 
judge the recording time in minutes for a disk and specify 
the duration. The present invention can be also applied to 
optical disks compliant with the mark length recording 
other than the CD-WO standard. 
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